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VARABLE-DOT HALFTONING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

Not applicable. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 

Not applicable. 

REFERENCE TO A “SEQUENCE LISTING” 

Not applicable. 

FIELD OF INVENTION 

The invention relates to halftones and, in particular, it 
relates to extending a program that communicates a docu 
ment description from a composition system to a printing 
system in a device-independent way to handle variable-dot 
halftones. 

BACKGROUND 

The majority of printers are 1-bit devices. This means they 
only have one shade of each primary colours—namely, Cyan, 
Magenta, Yellow and Black. (Black is normally not included 
as it helps on shadows but is not really a colour.) These 
devices can either put down the dot a Cyan, Magenta or 
Yellow (CMY) dot-or not. By combining (overlaying) the 
CMY dots, a total of 7 colours can be created (2-1, since the 
absence of all three colours is no colour). 

In order to create the effect of thousands or millions of 
colours, a process called screening is used, which arranges 
the dots to create the effect of more colours. The higher the 
resolution of the device, the more effective the screening is 
and, therefore, the more colours can be created. There are 
many different types of Screening. Some examples are Error 
diffusion, Stochastic/Thresholds, and PostScript halftones. 

Different devices require different types of screening in 
order to get the best output. For example, error diffusion and 
stochastic screens look great on inkjets, but the same screen 
used on thermal transfer printers produce horrible artefacts in 
the midtones. For this reason, it is more common to use 
traditional halftones on thermal transfer printers. 
A halftone cell is a square group of pixels. To generate a 

bi-tonal halftone cell for a black-and-white output device 
(two tones: black and white), each pixel in the halftone cell is 
turned ON or OFF So the outcome will be a halftone cell with 
some pixels ON (black dot) and others OFF (white or blank 
dot). By relying on the fact that an observer's eye will spa 
tially average over the pixel area, the effect of intermediate 
tone levels (shades of gray) is created. 

The same principle is used to generate multi-tonal halftone 
cells to create the appearance of intermediate colour values. 
In a multi-tonal halftone cell, each pixel can assume any of the 
8 tones, which are created by the overlaying of the CMY dots. 
(Here, no colour is counted as a tone since a blank dot has an 
effect on the overall outcome.) When the observer's eye spa 
tially averages over the pixel area, the effect of intermediate 
color values (colour shades) is created. 
The halftone cells, each representing an intermediate tone 

level (bi-tonal) or color value (multi-tonal), are conceptually 
tiled across the page so that any address within the page has a 
corresponding address within the halftone cell. This then acts 
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2 
as a mask controlling how ink is added to the output device. 
Output produced using this technique, when viewed from a 
Suitable distance, fools the observer into perceiving many 
more shades than are present in reality. 
To increase the number of shades (tone levels or colour 

values), different dot sizes are used. This is called “variable 
dot halftoning.” The variable-dot halftoning could be used 
with black-and-white or colour output devices. However, for 
Simplicity, it will be explained with respect to the black-and 
white output devices, which use bi-tonal halftone cells. 
A black-and-white variable-dot output device, in addition 

to having the capability of turning a pixel within its bi-tonal 
halftone cell ON or OFF, has the ability to determine the size 
of each ON dot. For example, a variable-dot device that has 3 
dot sizes has the ability to turn a dot OFF, ON-and-small, 
ON-and-medium, or ON-and-large. This, of course, substan 
tially increases the number oftone levels that can be obtained. 
The device described in this example is referred to as a 2-bit 
device-meaning, 2 bits per pixel, the 2 bits representing the 4 
(2) different states that a pixel can assume. 

It should be easy for someone skilled in the art to see how 
the same principle could be applied to the colour output 
devices to extensively increase the number of colour values 
that can be obtained. A 3-bit device, for example, could be 
used to implement the overlaying of the CMY colours as 
discussed above. A pixel with 3 bits can assume up to 8 states 
(2). 
A halftone is controlled by three parameters: frequency, 

angle and spot function (dot shape). Frequency (often 
referred to as LPI for Lines Per Inch) is the number of halftone 
cells per inch. For example, a frequency of 60 would give 60 
cells every inch. 
The size of a cell is determined by the frequency. At a 

resolution of 300 dpi (dots per inch), a frequency of 60 LPI 
would give a cell size of 5x5 pixels (300/60). At the same 
resolution, a frequency of 100 LPI would give a cell size of 
3x3 pixels (300/100). 
The number of colour shades that can be printed is deter 

mined by the size of the cell. A 5x5 cell can display 25 shades, 
and from this one can work out the total number of colours 
that can be produced. For a CMY device, this would be 
25x25x25 (25). 

EXAMPLES 

At 300 dpi, 20 LPI gives a 15x15 cell and 225 shades 
available (300/20) 

At 300 dpi. 60 LPI gives a 5x5 cell and 25 shades available 
(300/60) 

At 300 dpi, 100 LPI gives a 3x3 cell and 9 shades available 
(300/100) 

As can be readily seen from these examples, a lower LPI 
will give more shades of colour on the same resolution device. 
The lower the LPI, the more noticeable the cell, which also 
gives the effect of lower resolution. As one increases the LPI, 
one reduces the number of shades of colours but hides the cell. 
With a very high LPI, one would not have enough shades and 
creates a polarization effect on objects that use lots of colours. 

Doubling the resolution on the third example above gives a 
6x6 cell and 36 shades (600/100–6x6 cell=36 shades). 
Hence, higher resolution devices allows to run higher LPI; 
increasing the resolution, however, results in longer time for 
the printer to print. Therefore, the best LPI depends on the 
resolution of the output device and what is being printed. 

Besides frequency, the other two variables that make up a 
halftone cell are the angle and spot function. The angle allows 
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one to rotate the cell on the page and the spot describes how 
the cell gets painted at the different percent levels. 

The angle is used to offset the CMYK colours. Mainly, this 
affects the highlights and midtones. When Cyan, Magenta, 
Black, or a combination thereof is printed over Yellow on 
thermal devices, the Yellow tends to get overpowered. By 
using different angles for each CMYK, the dots of each colour 
are offset and the moiré is reduced. 
The sorts of angles that are commonly used create what is 

known as a rosette pattern (C=108, M=161, Y=90, K-45). 
There are a lot of other combinations for producing a rosette. 
If one looks through a magnifying glass at any printed maga 
zine, he or she will see the rosette pattern of the halftones. The 
downside of a rosette set of angles is they do tend to make the 
halftone cell more visible. 

Typical spot functions (dot shapes) are round or square. 
More advanced spot functions allow the spot to go through 
several transitions of dot shape depending upon the percent 
age of tint. 
By manipulating the three variables that create the halftone 

cell, the number of shades that can be obtained is increased. 
The use of variable-dot halftoning is known in the prior art. 

Known prior art includes U.S. Pat. No. 5,291.311:5,444.551; 
5,586,203; 5,946,452; 5,930,396; 5,831,626; and U.S. Pat. 
No. 5,041.920. While the teachings of these cited prior art 
documents all relate to variable-dot halftoning, all of the 
methods taught by them are methods that are considerably 
complex and hard to implement, as well as difficult to debug 
or fix once implemented. 
The complexities in implementing and Supporting these 

methods translate directly into time and resource inefficien 
cies, and significant monetary consequences. This necessi 
tates the need for a variable-dot halftone scheme that is 
uncomplicated and easy to implement and maintain. The 
present invention satisfies that need. 

SUMMARY OF THE INVENTION 

The present invention satisfies the above-described need 
by providing a method for enabling a program that commu 
nicates a document description from a composition system to 
a printing system to manage variable-dot halftones for use 
with variable-dot printing devices, comprising the steps of 
creating a set of strings, each String defining a halftone cell 
intensity value and comprising at least one pixel imbution 
value, wherein said pixel imbution value is in the range of 0 to 
P, wherein P is the number of physical appearances that a 
painted pixel can have; using a selected halftone cell intensity 
value to directly choose a string from said set of strings; and 
painting at least one pixel within a halftone cell according to 
a pixel imbution value within the chosen String. 
The present invention provides the advantage of imple 

menting a variable-dot halftone based on how a program that 
communicates a document description from a composition 
system to a printing system in a device-independent way 
(such as PostScript) defines a halftone. 

Other advantages will Suggest themselves to those skilled 
in the art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, its organization, construction and operation 
will be best understood by reference to the following detailed 
description taken into conjunction with the accompanying 
drawings, in which: 

FIG. 1 shows an example of an array with size index of 25 
(5x5) for a 2-bit device. 
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4 
FIG. 2A is a dot-size index for a 2-bit device. 
FIG. 2B shows one possibility of how a 2% shade may be 

painted with respect to the example of FIG. 1. 
FIG. 2C shows one possibility of how a 10% shade may be 

painted with respect to the example of FIG. 1. 
FIG.3 shows an example of an array with size index of 16 

(4x4) for a 2-bit device, the array having a different format 
than that of FIG. 1. 

FIG. 4A shows a set of strings, each defining a halftone cell 
intensity value, for use with an alternate method. 

FIG. 4B shows one possibility of how a 3% shade may be 
painted with respect to the example of FIG. 4A. 

DETAILED DESCRIPTION OF THE INVENTION 

The following description is presented to enable any per 
son skilled in the art to make use of the invention and is 
provided in the context of a particular application and its 
requirements. Various modifications to the disclosed embodi 
ments will be readily apparent to those skilled in the art, and 
the general principles defined herein may be applied to other 
embodiments and applications without departing from the 
spirit and scope of the present invention. Thus, the present 
invention is not intended to be limited to the embodiments 
shown, but is to be accorded the widest scope consistent with 
the principles and features disclosed herein. 
Though this invention is described with the PostScript 

environment in mind, the general principles described herein 
are applicable to a broad class of printer languages and are not 
limited to implementations using PostScript. Further, 
although the following description has been all based around 
a halftone as defined by frequency, spot function and angle, 
the same principle can be used and applied to other methods 
of screen (e.g., threshold arrays). 

It will be generally understood that the term “shade' as 
used in reference to a cell shade hereinafter may refer to a 
shade of grey or a colour shade, and is interchangeable with 
the term “cell intensity value.” Also, it will be generally 
understood that the present invention can be used with black 
and-white output devices as well as colour output devices, 
and although certain parts of the invention are described in 
reference to one of the black-and-white or colour environ 
ments, said parts will be as true for and applicable to the other 
environment. For example, a description on how to use the 
present invention with respect to “dot sizes' could be applied 
to use the present invention with respect to “colour depths.” 

PostScript is a programming language optimized for print 
ing graphics and text (whether on paper, film, or CRT is 
immaterial). In the jargon of the day, it is a page-description 
language. The main purpose of PostScript is to provide a 
convenient language in which to describe images in a device 
independent manner. This device independence means that 
the image is described without reference to any specific 
device features (e.g., printer resolution), so that the same 
description could be used on any PostScript printer (say, a 
LaserWriter or a Linotron) without modification. 

PostScripts combination of technical merits and wide 
spread availability made it the language of choice for graphi 
cal output: today, the PostScript language is a world Standard 
for the printed page. A PostScript halftone has a common 
interface that has been implemented by numerous graphical 
application vendors in the market and allows great flexibility 
over the size and shape of the halftone for each colour. 
The world of professional graphics applications and its 

users have become accustomed to controlling the PostScript 
halftone using this common user interface to select the line 
frequency, angle and spot function (dot shape). Therefore, 
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instead of creating the variable-dot halftones from an initial 
point (from “scratch') as done in the above-cited prior art, the 
present invention expands the existing method used in the 
PostScript language for creating halftones in order to create 
variable-dot halftones in other words, the present invention 
allows the users to carry on using this common interface but 
extends it to a variable-dot usage. 

This common user interface (which could be found in 
CorelDraw, Illustrator, Quark, PhotoShop and various other 
major graphics application) gives the user control over the 
frequency, angle and halftone shape on a colour-by-colour 
basis and, therefore, provides the user with infinite options for 
his or her halftone cell. The key is to apply these three user 
selected variables that make up the halftone to a variable-dot 
printing device. 

In retrospect, there are various ways that a halftone cell can 
be defined. In the PostScript page-description language 
world, a halftone cell can be specified using three elements: 
frequency, which tells how many complete cells there are per 
inch and, therefore, when taking into account the physical 
resolution of the output device, tells how many device ele 
ments (pixels) the halftone cell comprises; angle, which 
specifies how the cell is rotated about one of its corners; and 
finally, spot function, which specifies the order in which the 
elements of the cell are to be filled in. The spot function 
supplies the means by which different numbers of elements 
within the halftone cell can be set according to Saturation 
(percentage shade'), and may also introduce various shapes 
and patterns within a cell to either make patterning as incon 
spicuous as possible, or to create some artistic or aesthetic 
effect. 

The traditional digital output device for which this tech 
nology was devised is a 1-bit device—that is, each discrete 
picture element can be either ON or OFF only. The present 
invention takes the ideas presented so far and, in a non 
complicated way, projects them onto a device capable of 
multiple levels at each discrete picture element address—an 
“N-bit device. 

Another way of looking at this is that there is an existing 
mechanism for specifying a halftone cell interms of its X and 
Y dimensions. This invention adds a simple way of specifying 
a third dimension, Z (where Z represents a dot size or colour 
depth). This third dimension can also be described as a vol 
ume of ink to be laid down at any location. Given the shade 
that is desired and order that pixels would be printed in 
conventional halftone, it is now possible to adjust the Volume 
of ink at any location. This adjustment can be controlled, as 
described in details herein, by a file containing strings but it is 
worth noting that it could also be achieved by storing values 
in an array or even by writing a simple equation. 
The halftone cell for a device capable of more than 2 states 

at the picture element level needs to also specify the relevant 
N-bit pattern at each location within the halftone cell for a 
given shade. 

This invention (1) establishes the cell filling order using the 
1-bit method of Frequency, Angle and Spot Function (the 
“1-bit order), or uses some other technique that derives a 
1-bit order, and (2) uses the 1-bit order to expand this to an 
N-bit halftone cell. This is to say that the invention uses the 
method used for 1-bit devices to determine the order in which 
the pixels are to be painted (if there is only one pixel to be 
painted, the address of that pixel is obtained), and once the 
order of these pixels is obtained, it paints them according to 
the N-bit method that is, making use of dot sizes or colour 
depths. 
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6 
One must note that the invention could be implemented 

without step (1) of the preceding paragraph. This would be 
done by painting the pixels in a pre-determined order. 
At its simplest, each picture element within the halftone 

cell (each pixel) is considered as either ON or OFF, regardless 
of the bit-depth—that is, each element might be either 0 (if the 
1-bit order tells us it is OFF), or set to the value 2Y-1 (if the 
1-bit order tells us it is ON). For example, in a 2-bit device, a 
0 would indicate that a pixel is OFF and a 3 would indicate 
that it is ON. 
The aforementioned would result in a way of reproducing 

traditional halftoned output on an N-bit device, but would 
miss the opportunity of representing more colours within a 
given size of cell, or a means of showing the same number of 
colours within a smaller cell and thus boosting the effective 
resolution of the output device. 
To achieve the latter, multiple arrays are created. An array 

is created for each halftone cell size (X by Y), and each array 
is referred to by its “size index, which is X multiplied by Y. 
For example, if the halftone cell size is 4x6, then an entry 
labelled 24 would be considered an exact match. If a given X 
byY size index does not exist, the halftone cell size is rounded 
off to match an existing size index. For example, if the half 
tone cell size is 4x6, and a size index of 24 does not exist, then 
the Xby Y size index is rounded off to match an existing size 
index (23, for example). FIG. 1 shows an example of an array 
10 with size index of 25 (5x5) 11 for a 2-bit device. (As this 
is an array for a 2-bit device, the numbers 12 within the strings 
13 of the array 10 range from 0 to 3 2–1 =3). This will 
become clear upon reading the following paragraphs. 

Each of these arrays has Marray entries (“strings'), where 
M defines the number of shades available for a given cell 
size "cell intensity values' available for output. The num 
ber of strings, M, might be equal to X times Y, however, this 
is not a requirement: the number of strings can be less or more 
than this. The M strings are cumulatively referred to as the 
“list of strings” or the “list.” 
The selection of a string 13 from the list is based on the 

shade selected by the user of the system. This shade is linearly 
mapped from its shade domain into the list domain 14 to find 
the string that is the closest match. This closest match could 
beachieved by rounding off the user's selected shade. 
The string 13 is then used to build the halftone cell. Each 

string has a pattern of numbers 12 in the range 0 to 2'-1, each 
number used as the value with which to set the corresponding 
pixel within the halftone cell (such as dot size or colour 
depth)—that is, the “pixel imbution value.” As mentioned 
above, the strings 13 of the array 10 shown in FIG. 1 have 
numbers 12 in the range of 0 to 3. For a 3-bit device, these 
numbers would range from 0 to 7 (2-1=7). Hence, the values 
of the numbers within the string are in the range of 0 to P. 
where P is the number of physical appearances that a painted 
pixel can have—of course, not counting the absence of a 
painted pixel as an appearance. 

Referring again to the example of FIG.1, with a cell size of 
2511, ifa shade (cell intensity value) of 4% is selected by the 
user, the string “3021' 15 will be used. This means that the 
first pixel will be painted at full intensity (3), the next pixel 
will be OFF (0°), the next one will be painted at medium 
intensity (2), and the last at low intensity (1). Note that this 
does not determine which pixels are going to have these 
intensities—which is the first pixel to be painted, which is the 
second, and so on. That is determined by the 1-bit order, as 
discussed above, or a pre-determined order would be used. 
The number of values in the string should be less than or 

equal to the number of pixels in the cell; this, however, may or 
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may not be the case. A string that is longer than there are 
pixels in the halftone cell is simply truncated to the length X 
times Y. 

Therefore, the addresses in the halftone are taken from the 
1-bit order (or are pre-determined), the values to be placed at 
those addresses are taken from the N-Bit string and the num 
ber of cells to actually set is taken from the string length. 
FIGS. 2B and 2C show possibilities of how a 2% shade and a 
10% shade may be painted with respect to the example of 
FIG. 1, respectively. (FIG. 2A is a dot-size index showing 
examples of 2-bit values 20.) In a case where the number of 
pixel imbution values in the string is equal to or larger than the 
number of pixels in the cell, all of the pixels within the cell 
would be painted. (Not shown) 

It should be clear that if a given X by Y size index does not 
exist and the halftone cell size is rounded down to match an 
existing size index, shorter strings will be used; if it is rounded 
up to match an existing size index, some string truncation 
might be involved. 

In another implementation of the present invention, where 
a given X by Y size index is not found, instead of rounding off 
the X by Y size index to match an existing size index (as 
explained above), a smaller size index may be chosen and the 
entries in the string would be interpolated to fit the bigger 
halftone cell (“Interpolation Mapping). 

Interpolation mapping may be either a simple replication 
of a string entry whenever sufficient error has built up to 
require an extra entry to be inserted, or may be an in-between 
value constructed from the current and next entries in the 
N-bit string. 

If the size of the halftone cell exceeds the largest value in 
the shade domain, then either'simple mapping or “interpo 
lation mapping is used to construct the halftone cell, accord 
ing to the preference of the user. 
An alternative way to select an array would be to do it in a 

three-dimensional manner. Either X or Y is used as a first 
lookup, then the remaining dimension is used as the second. 
At this point the relevant string list would be found. 
The following will discuss one method of creating these 

arrays. The method is simplified and reduced to an elemen 
tary and basic level in order to portray the basic idea behind it. 
Other methods (which are usually more complex) are avail 
able but will not be discussed. The example used to demon 
strate the discussed method is intended for illustrative pur 
poses only. 

Also, it should be noted that the following method of cre 
ating arrays creates arrays that have a different format than 
that shown in FIG. 1 and discussed above; however, this 
should have no bearing on the invention. The invention can be 
used in the same or similar manner using any of the different 
array formats. 
The method will now be discussed with reference to FIG.3. 

To create an array 30, one starts by defining a size index 31 
and an “end value.” The size index31 for the example used is 
16 and the end value is 3. Assuming there are three dot sizes 
available—Small, medium, and large—the first four strings 
32 are created and correspond to the three dot sizes: the value 
of 1 corresponds to a small dot, the value of 2 corresponds to 
a medium dot, and the value of 3 corresponds to a large dot. 
The extra string 33 created corresponds to what may be con 
sidered a fourth value (ZERO), which is the absence of a dot. 
This is similar to what is shown in FIG. 2A and discussed 
above. 
The subsequent strings of the array 30 are created in sets of 

four to complement the first 4-string set 32. The next set of 
four strings 34 is created by duplicating the first set 32 and 
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8 
adding an extra pixel imbution value 35 at the beginning of 
each of the four string 34, which corresponds to the defined 
end value of 3. 

Similarly, the next set of four strings 36 is created by 
duplicating the previous set 34 and also adding an extra pixel 
imbution value, corresponding to the end value of 3, at the 
beginning of each of the four strings 36. As can be seen, the 
number of pixel imbution values increases by one for each set 
of four strings. Each of the first four strings 32 has one pixel 
imbution value, each of the Subsequent four strings 34 has two 
pixel imbution values, each of the subsequent four strings 36 
has three pixel imbution values, etc. 
The two steps discussed above-(a) duplicate and (b) add 

an extra pixel imbution value corresponding to the end 
value is repeated until the number of pixel imbution values 
in the resulting string set is equal to the size index31. As can 
be seen in FIG. 3, each string in the last set of four strings 37 
comprises 16 pixel imbution values. Using this method with 
a size index of 16 and three dot sizes results in an array 
comprising 64 strings 38, which correspond to 64 shades. 

Although what is discussed above and shown in the corre 
sponding figures is a fairly simple way of creating these 
arrays, other and more complex methods are available. As 
much as the methods of creating arrays can be simplified, still 
a simpler and more straightforward way of practicing the 
present invention would be to eliminate the need for creating 
these arrays, and instead, create multiple strings, directly 
select a string, and map the pixel imbution values from the 
selected String into the halftone cell—in other words, instead 
of (1) creating multiple arrays comprising strings, (2) choos 
ing one of the arrays, and (3) choosing one of the Strings of the 
selected array to extract the pixel imbution values from it, one 
can simply create strings (not in an array formation), and 
directly select one of them without having to go through steps 
(1) and (2) above. 

FIG. 4A shows multiple strings 40 that are not in an array 
formation. One can directly select one of the strings by select 
ing its shade (cell intensity value). If, for example, a shade of 
3% is selected by the user, the pixel imbution values of the 
corresponding string 41, which are 23321, would be mapped 
into a halftone cell, as shown in FIG. 4B. (A dot-size index 
similar to that shown in FIG. 2A is used for what is demon 
strated in FIG. 4B.) 

Another advantage of this method is providing String 
length flexibility. As demonstrated in FIG. 4A, the 2% shade 
string is shorter in length than the preceding 1% shade string. 
If the number of values in the string is larger than the number 
of pixels in the cell, the string is truncated. This is similar to 
what is discussed above in relation to the other method (i.e. 
the method of implementing the invention by using arrays). 
Also, the order in which the pixels are painted is similar to 
what is discussed above and will not be repeated with respect 
to this method. 

Using these methods, the dots sizes and/or colour depths 
could be customized for each pixel exactly, therefore provid 
ing the optimum number of shades even on a printer where the 
dot sizes are not linear (such as an inkjet). 
The present invention does not define the size of the cell, 

the dot shape or its angle. It simply allows the PostScript 
halftone to make use of variable-dot printers. It offers a fully 
customizable system for any variable-dot printing device. 
Using this system, the number of shades is increased by at 
least 3 times (for a 2-bit device) and potentially more (for an 
N-bit device), depending upon the number of physical 
appearances a dot can assume. 

Discussing the variable dot sizes, the above description 
related to three possible dot sizes. However, this should not be 
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regarded as a restriction: the invention could be used with 
devices that offer any number of dot sizes. The invention 
could be used with a 3-bit device, for example, to manage up 
to 7 different dot sizes (or maybe, 3 dot sizes that come in 2 
different shades, such as light black and dark black, which 
would result in 6 different types of dots). A similar argument 
applies to colour depths where there may be any number of 
primary colours overlayed in any way. 
By using the above system, the number of shade can be 

increased at lower resolutions, allowing the printer to create 
the same quality separations as would be obtained at a higher 
resolution but much faster. 

This technique works with all the variables of a traditional 
halftone and could be implemented for use with supercells. A 
supercell is another feature of a halftone where the cells are 
grouped into groups of 4 and then one shade in each one of 
these is turned on—by way of this invention—in order to give 
the illusion of more shades. 

Other embodiments and uses of the invention will be appar 
ent to those skilled in the art from consideration of the speci 
fication and practice of the invention disclosed herein. The 
specification and examples should be considered exemplary 
only and do not limit the intended scope of the invention. 

It is claimed: 
1. A method for enabling a program that communicates a 

document description from a composition system to a print 
ing system to manage variable-dot halftones for use with 
variable-dot printing devices, comprising the steps of 

creating a set of strings, each string defining a halftone cell 
intensity value and comprising at least one pixel imbu 
tion value having a pattern of numbers in a range 0 to 
2'-1, wherein N is a value of a N-bit device, and each 
number is used as a value with which to set a correspond 
ing pixel within a halftone cell such that 2Y-1 is the 
number of physical appearances that a painted pixel can 
have: 

using a selected halftone cell intensity value to directly 
choose a string from said set of strings; 

painting at least one pixel within a halftone cell according 
to a pixel imbution value within the chosen String; and 

creating an array with the set of Strings, the array being 
created by: 

defining a size index and an end value; 
creating a first set of a predetermined number of strings 

corresponding to N number of dot sizes; 
creating Subsequent sets of strings of the array in sets of the 

predetermined number, wherein: 
each of the Subsequent sets of strings are created by 

duplicating a previous set and adding an extra pixel 
imbution value at the beginning of each string, which 
corresponds to the defined end value. 

2. The method of claim 1, wherein the program is Post 
Script. 
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3. The method of claim 1, further comprising the step of 

determining at least one address of a pixel to be painted. 
4. The method of claim3, wherein at least two pixels are to 

be painted and the method further comprises determining the 
order in which the pixels are to be painted. 

5. The method of claim3, wherein at least two pixels are to 
be painted and the pixels are painted in a pre-determined 
order. 

6. The method of claim 1, wherein at least one address of a 
pixel to be painted is pre-determined. 

7. The method of claim 6, wherein at least two pixels are to 
be painted and the pixels are painted in a pre-determined 
order. 

8. The method of claim 1, wherein the number of pixel 
imbution values in the String is bigger than the number of 
pixels in the halftone cell, and the method further comprises 
truncating the string. 

9. The method of claim 1, wherein choosing a string com 
prises the step of rounding off the selected halftone cell inten 
sity value. 

10. The method of claim 1, wherein the number of pixel 
imbution values increases by one for each set of predeter 
mined number of strings. 

11. The method of claim 1, wherein the steps of claim 10 
are repeated until the number of pixel imbution values in a 
resulting string set is equal to the size index. 

12. A system for enabling a program that communicates a 
document description from a composition system to a print 
ing system in a device-independent way to manage variable 
dot halftones for use with variable-dot printing devices, the 
system using the method of claim 1. 

13. A method for enabling a program that communicates a 
document description from a composition system to a print 
ing system to manage variable-dot halftones for use with 
variable-dot printing devices, comprising the steps of 

creating a set of strings having a pattern of numbers in a 
range 0 to 2'-1, wherein N is a value of a N-bit device, 
and each number is used as a value with which to set a 
corresponding pixel within a halftone cell defined as a 
pixel imbution value, wherein the number of values in 
each String of the set of strings are less than or equal to a 
number of pixels in a halftone cell; 

using a selected halftone cell intensity value to directly 
choose a string from said set of strings; and 

painting at least one pixel within a halftone cell according 
to a pixel imbution value within the chosen String; and 

truncating the string to length X times Y when the string is 
longer than there are pixels in the halftone cell, wherein 
addresses in the halftone cell are taken from 1-bit order 
or are pre-determined, values to be placed at the 
addresses are taken from an N-Bit string and a number 
ofcells to set is taken from the string length. 

k k k k k 


